How Simplifying Urban Driving Cycles Influence Fuel Consumption Estimation?  by Rocha, Thamara Vieira da et al.
 Procedia - Social and Behavioral Sciences  48 ( 2012 )  1000 – 1009 
1877-0428 © 2012 Published by Elsevier Ltd. Selection and/or peer review under responsibility of the Programme Committee of the Transport Research 
Arena 2012  
doi: 10.1016/j.sbspro.2012.06.1077 
7UDQVSRUW5HVHDUFK$UHQD±(XURSH
+RZVLPSOLI\LQJXUEDQGULYLQJF\FOHVLQIOXHQFHIXHO
FRQVXPSWLRQHVWLPDWLRQ"
7KDPDUD9LHLUDGD5RFKDD%UXQR-HDQQHUHWE5RFKGL7ULJXLEDQG/XGRYLF
/HFOHUFTD
D8QLYHUVLWpGH/\RQ,)677$5(173(/DERUDWRLUHG
,QJpQLHULH&LUFXODWLRQ7UDQVSRUWV/,&,7)UDQFH
E,)677$5/DERUDWRLUH7UDQVSRUWVHW(QYLURQQHPHQW/7()UDQFH
$EVWUDFW
2SWLPL]LQJ WUDIILF PDQDJHPHQW V\VWHPV UHTXLUHV WKH GHYHORSPHQW RI G\QDPLF WUDIILF IORZ PRGHOV FDSDEOH RI
HVWLPDWLQJ HQYLURQPHQWDO H[WHUQDOLWLHV+RZHYHU VXFKPRGHOV RQO\SURGXFH VLPSOLILHG WUDMHFWRULHV7KHUHIRUH WKH\
FDQQRWEHGLUHFWO\FRXSOHGZLWKWUDGLWLRQDOHPLVVLRQPRGHOVEDVHGRQUHDOWUDMHFWRULHVLHREVHUYHGH[SHULPHQWDOO\
7KHPDLQREMHFWLYHRI WKLV UHVHDUFK LV WRHYDOXDWH WKH LPSDFWVRIXVLQJVLPSOLILHG LQVWHDGRI UHDO WUDMHFWRULHVDVDQ
LQSXWIRUDIXHOFRQVXPSWLRQPRGHO9HKOLEOLEUDU\GHYHORSHGDW,)677$5/7(
'ULYLQJF\FOHVZHUH VHOHFWHG IURP$57(0,6XUEDQGULYLQJF\FOHVDQGSURFHVVHG7KH UHVXOWLQJGULYLQJF\FOHV
ZHUH WKHQ VLPSOLILHG WR PDNH WKHP FRUUHVSRQG WR WKH FODVVLFDO RXWSXWV RI PLFURVFRSLF WUDIILF IORZ PRGHOV LH
SLHFHZLVHOLQHDUVSHHGSURILOHV7KHVLPSOLILFDWLRQPHWKRGXVHGLVEDVHGRQDJHQHWLFDOJRULWKPZLWKDJLYHQQXPEHU
RIEUHDNSRLQWV5HGXFLQJWKHQXPEHURIVXFKSRLQWVOHDGVWRVHYHUDOOHYHOVRIVLPSOLILFDWLRQ7KHIXHOFRQVXPSWLRQLV
WKHQHVWLPDWHGIRUHDFKVLPSOLILHGGULYLQJF\FOHDQGLWVRULJLQDO
$ GHHSHU DQDO\VLV LV ILQDOO\ SURYLGHG WR HYDOXDWH WKH HUURU EHWZHHQ IXHO FRQVXPSWLRQ HVWLPDWLRQV IRU RULJLQDO DQG
VLPSOLILHG VXEF\FOHV7KH ILUVW UHVXOWV VKRZDYHUDJH HUURU HTXDO WR  IRU VLPSOLILHG VXEF\FOHVZLWK DYHUDJH
506(HTXDOVWRNPK$FFRUGLQJWRWKHOHYHORIVLPSOLILFDWLRQWKHDYHUDJHHUURULVHTXDOWRDWILQHOHYHO
 DW LQWHUPHGLDU\ OHYHO DQG  DW FRDUVH OHYHO $ FRPSOHPHQWDU\ DQDO\VLV LV DOVR SURYLGHG VWXG\LQJ
LQGLYLGXDOO\ VHYHUDO VXEF\FOHV WR ILJXUH RXW ZKLFK NLQGV RI VLPSOLILFDWLRQ KDYH WKH PDLQ LQIOXHQFH RQ IXHO
FRQVXPSWLRQ

3XEOLVKHGE\(OVHYLHU/WG6HOHFWLRQDQGSHHUUHYLHZXQGHUUHVSRQVLELOLW\RI75$

.H\ZRUGV)XHOFRQVXPSWLRQHVWLPDWLRQ9HKOLEOLEUDU\'ULYLQJF\OHV7UDMHFWRULHVVLPSOLILFDWLRQ*HQHWLFDOJRULWKP

&RUUHVSRQGLQJDXWKRU7HOID[
(PDLODGGUHVV7KDPDUD9,(,5$'$52&+$#HQWSHIU
Available online at www.sciencedirect.com
© 2012 Published by Elsevier Ltd. Selection and/or peer review under responsibility of the Programme Committee of the 
Transport Research Arena 2012 Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
1001 Thamara Vieira da Rocha et al. /  Procedia - Social and Behavioral Sciences  48 ( 2012 )  1000 – 1009 
,QWURGXFWLRQ
'HVSLWH WKH UHGXFWLRQ RI LQGLYLGXDO YHKLFOHV FRQVXPSWLRQ UDWH ZLWK WKH LQWURGXFWLRQ RI QHZ
WHFKQRORJLHV WKH LQFUHDVHRI YHKLFOHV QXPEHUV OHDGV WR DJOREDO LQFUHDVHRI WRWDO IXHO FRQVXPSWLRQ DQG
WKHLUUHODWLQJJUHHQKRXVHJDVHPLVVLRQV7KLVFRQWULEXWLRQVKRXOGEHDFFXUDWHO\HVWLPDWHGWRGHWHUPLQDWH
KRZDGYDQFHGWUDIILFPDQDJHPHQWV\VWHPVPD\KHOSWRUHGXFHLW
$QHZILHOGRIUHVHDUFKWULHVWRFRQQHFWG\QDPLFWUDIILFPRGHOVZLWKHPLVVLRQPRGHOVWRLPSURYHIXHO
FRQVXPSWLRQHVWLPDWLRQ=HJH\HHWDOSURSRVHDQHZPDFURVFRSLFHPLVVLRQDQGIXHOFRQVXPSWLRQ
PRGHOGHQRWHG WKH97PDFURPRGHO7KLVPRGHO UHVXOWV IURPWKHFRXSOLQJEHWZHHQPDFURVFRSLF WUDIILF
IORZPRGHO0(7$1(7DQGPLFURVFRSLFHPLVVLRQDQGIXHOFRQVXPSWLRQPRGHO97PLFUR5DNKDHWDO
SUHVHQW WKH ,17(*5$7,21PLFURVFRSLF WUDIILF VLPXODWLRQ IUDPHZRUN IRUPRGHOLQJHFRURXWLQJ
VWUDWHJLHV DQG WKH UHODWHG VDYLQJV LQ IXHO FRQVXPSWLRQ <X  SUHVHQWV WKH GHYHORSPHQW RI WKH
2152$' YHKLFOH HPLVVLRQ PRGHO IRU HVWLPDWLQJ &2 DQG +& HPLVVLRQV 2Q WKH FRQWUDU\ WR
,17(*5$7,21PRGHOEDVHGRQYHKLFOHPRGDODFWLYLWLHV WKLVPRGHOHVWDEOLVKHVD UHODWLRQVKLSEHWZHHQ
RQURDGHPLVVLRQGDWDDQGYHKLFOHLQVWDQWDQHRXVVSHHGSURILOHV7KLVPRGHOLVSURSRVHGDVLGHDOIRUXVHLQ
WUDIILFVLPXODWLRQDQGRSWLPL]DWLRQDQDO\VLV
7KH SRLQW KHUH LV WKDW QRQH RI WKH WUDIILF IORZPRGHOV SURGXFHV UHDO WUDMHFWRULHV EXW RQO\ VLPSOLILHG
RQHV7KHLU RXWSXWV DUH VLPSOLILHG WUDMHFWRULHV EDVHG RQ VLPSOLVWLF NLQHPDWLF UXOHV EHFDXVH WKH\PDLQO\
IRFXV RQ YHKLFOH LQWHUDFWLRQV &RQVHTXHQWO\ RQH PDMRU TXHVWLRQ LV WKH UHOHYDQFH RI WKHVH VLPSOLILHG
WUDMHFWRULHVDVDQLQSXWRIDQHPLVVLRQPRGHO)HZVWXGLHVKDYHSDLGDWWHQWLRQWRWKLVFUXFLDOSRLQWDQGWKLV
ZRUNDLPVWRFRQWULEXWHWRIXOILOOLQJWKLVVKRUWDJH
7RVWDUWZHFKRVHUHDOGULYLQJF\FOHVUHSUHVHQWLQJXUEDQFRQGLWLRQV7KHVHGULYLQJF\FOHVFRPHIURP
WKH $57(0,6 GDWDEDVH $57(0,6 SURMHFW¶V UHSRUW  7KH ILUVW VWHS FRQVLVWV LQ VHOHFWLQJ DQG
SURFHVVLQJ WKHVH F\FOHV WR REWDLQ D UHIHUHQFH VHW RI VXEF\FOHV $ VXEF\FOH SURYLGHV WKH HYROXWLRQ RI
VSHHGZLWKUHVSHFWWRWLPHEHWZHHQWZRVWRSVORQJHUWKDQVL[VHFRQGV,QWKHQH[WVWHSDJHQHWLFDOJRULWKP
LV DSSOLHG RQ WKHVH VXEF\FOHV WR REWDLQ WKH SLHFHZLVH OLQHDU DSSUR[LPDWLRQV LH D VSHHG SURILOHVZLWK
SLHFHZLVH FRQVWDQW DFFHOHUDWLRQZLWK D JLYHQ QXPEHU RI DFWLRQSRLQWV$Q DFWLRQ SRLQW LV GHILQHG DV D
SRLQWZKHUHDFKDQJH LQDFFHOHUDWLRQ LVREVHUYHG LH DSRLQWZKHUH WKH MHUN LVQRWQXOO DFFHOHUDWLRQ WR
GHFHOHUDWLRQRUYLFHYHUVD5HGXFLQJWKHQXPEHURIVXFKSRLQWVOHDGVWRVHYHUDOOHYHOVRIVLPSOLILFDWLRQ
6LPSOLILFDWLRQV UHPRYH WKHQRLVHREVHUYHG LQ UHDO VXEF\FOHVDQGPDNH WKHVH VXEF\FOHVFORVHU WR WKRVH
SURGXFHG E\ WUDIILF IORZPRGHOV+RZHYHU GLIIHUHQW DFFHOHUDWLRQ YDOXHV LQ D VDPH JOREDO DFFHOHUDWLRQ
SKDVHDUHDOORZHG7KHUHVXOWLQJVLPSOLILHGVXEF\FOHVGRQRWWKHQVWULFWO\FRUUHVSRQGWRZKDWZRXOGEH
REVHUYHGDVDQRXWSXWRID WUDIILFPRGHO+RZHYHU WKLVJLYHVD ILUVWSURVSHFWLYH ORRNRI WKH LPSDFWVRQ
IXHOFRQVXPSWLRQZKHQNLQHPDWLF VLPSOLILFDWLRQVDUHPDGH1RWH WKDWZHFKRVH WRVLPSOLI\UHDOGULYLQJ
F\FOHV UDWKHU WKDQ PDNLQJ VLPXODWHG GULYLQJ F\FOHV ORRN UHDO EHFDXVH WKHUH LV WR RXU NQRZOHGJH QR
H[LVWLQJVLPSOHPHWKRGRORJ\IRUWKLVUHYHUVHWUDQVIRUPDWLRQ
)XHO FRQVXPSWLRQ IRU RULJLQDO DQG VLPSOLILHG VXEF\FOHV LV WKHQ FRPSXWHG XVLQJ WKH 9HKOLE OLEUDU\
75,*8, HW DO 9,127 HW DO 7KH IXHO FRQVXPSWLRQ GLIIHUHQFHV DUH ILUVW VWXGLHG IRU WKH
ZKROHVXEF\FOHVHWIRUVHYHUDOOHYHOVRIVLPSOLILFDWLRQ7KHQVHYHUDOVXEF\FOHVDUHLQGLYLGXDOO\VWXGLHG
WRILJXUHRXWZKLFKNLQGVRIVLPSOLILFDWLRQKDYHWKHPDLQLQIOXHQFHRQWKHIXHOFRQVXPSWLRQ
7KLVSDSHULVRUJDQL]HGDVIROORZV6HFWLRQGHDOVZLWKWKHGDWDSURFHVVLQJWKHVLPSOLILFDWLRQPHWKRG
DQGWKHIXHOFRQVXPSWLRQHVWLPDWLRQ6HFWLRQGHVFULEHVWKHUHVXOWVDQGWKHLUDQDO\VLV7KHFRQFOXVLRQLV
ILQDOO\SUHVHQWHGLQVHFWLRQ


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0DWHULDOVDQG0HWKRGV
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 XUEDQ GULYLQJ F\FOHVZHUH VHOHFWHG IURP$57(0,6 UHDOZRUOG GULYLQJ F\FOHV IRU SDVVHQJHU FDUV
$57(0,6SURMHFWUHSRUW7KH\DUHGLYLGHGLQVXEF\FOHVE\LGHQWLI\LQJVWRSVWKDWODVWDWOHDVW
VHFRQGV$FOXVWHUDQDO\VLVKDVEHHQSHUIRUPHGWRGHILQHKRPRJHQHRXVJURXSVRIVXEF\FOHVLQWHUPV
RI WUDIILFFKDUDFWHULVWLFV LQRUGHU WRUHGXFH WKHGDWDEDVHVL]H7KHFRQVLGHUHGPDLQ WUDIILFFKDUDFWHULVWLFV
IRUWKLVFOXVWHULQJDQDO\VLVDUHWUDYHOWLPHGLVWDQFHWUDYHOHGVWRSGXUDWLRQPD[LPXPDQGDYHUDJHVSHHG
DQGPD[LPXPDFFHOHUDWLRQDQGGHFHOHUDWLRQ)RUHDFKJURXSRIVXEF\FOHVWKHPRVWGLIIHUHQWVXEF\FOHV
DUHVHOHFWHGGHILQLQJDVHWRIVXEF\FOHV WKDWSURYLGHVDVWDWLVWLFDOO\ UHSUHVHQWDWLYHGHVFULSWLRQRI WKH
SRVVLEOHHQFRXQWHUHGWUDIILFVLWXDWLRQV7KHVXEF\FOHVSURYLGHWKHHYROXWLRQRIVSHHGZLWKUHVSHFWWRWLPH
ZLWKDWLPHVWHSHTXDOWRV
6LPSOLILFDWLRQPHWKRG
$JHQHWLFDOJRULWKP LVXVHG WR WUDQVIRUPRQH VXEF\FOH LQWRDSLHFHZLVH OLQHDU IXQFWLRQZLWKD IL[HG
QXPEHURIDFWLRQSRLQWV5HGXFLQJWKLVQXPEHUSURYLGHVVHYHUDOVLPSOLILFDWLRQOHYHOV7KHVLPSOLILFDWLRQ
OHYHOLVGHILQHGE\WKHUDWLREHWZHHQWKHQXPEHURIFRQVLGHUHG$3DQGWKHWRWDOQXPEHURIWLPHSRLQWVLQ
WKHRULJLQDOVXEF\FOHV1RWHWKDWRULJLQDOVXEF\FOHVDUHGHILQHGZLWKDWLPHVWHSRIRQHVHFRQG7KXVWKH
WRWDO QXPEHU RI WLPH SRLQW LV HTXDO WR WKH GXUDWLRQ RI WKH VXEF\FOH 7KH JHQHWLF DOJRULWKP WULHV WR
PLQLPL]HWKH506(EHWZHHQWKHRULJLQDODQGWKHVLPSOLILHGVXEF\FOH
7KHDOJRULWKPLVGHILQHGE\WKHSDUDPHWHUVGHVFULEHGKHUHDIWHU7KHSRSXODWLRQVL]HLVDGDSWHGWRWKH
FRQVLGHUHG QXPEHU RI DFWLRQV SRLQWV $3 $ VDPSOH RI WKLV SRSXODWLRQ LV GHILQHG E\ WKH OLVW RI WKH
SRVLWLRQVLQWLPHRIWKHDFWLRQSRLQWV'XULQJWKHUHSURGXFWLRQVWHSWZRFURVVRYHUVDUHFRQVLGHUHG7KH\
DUH GHILQHG E\ WKH QXPEHU RI $3 EHIRUH WKH FURVVRYHU SRVLWLRQV 7KH PLQLPDO FRQVLGHUHG QXPEHU IRU
DFWLRQSRLQWVLVVL[7KHSRVLWLRQVRIFURVVRYHUVGHSHQGRQWKHQXPEHURI$3VHH7DEOH
7DEOH3RSXODWLRQVL]HDQGFURVVRYHUSRVLWLRQVZLWKUHVSHFWWRWKHQXPEHURI$3
3DUDPHWHU $3 $3 $3
3RSXODWLRQVL]H   
&URVVRYHUSRVLWLRQ   
&URVVRYHUSRVLWLRQ   

7ZRNLQGVRIPXWDWLRQVDUHSRVVLEOHPLQRUPXWDWLRQFRUUHVSRQGVWRWKHLQFUHPHQWDWLRQRI$3SRVLWLRQ
RI 0DMRUPXWDWLRQ FRUUHVSRQGV WR D UDQGRP FKDQJH RI DQ DFWLRQ SRLQW SRVLWLRQ7KH SUREDELOLW\ RI
PLQRUPXWDWLRQLVDQGIRUPDMRUPXWDWLRQ$QHOLWLVWVHOHFWLQJPHWKRGLVDSSOLHGLHRQO\
WKHEHVWVDPSOHVDUHNHSWWRGHILQHWKHQHZSRSXODWLRQDIWHUWKHUHSURGXFWLRQDQGWKHPXWDWLRQVWHSV7KH
DOJRULWKPVWRSVHLWKHUZKHQDPD[LPXPQXPEHURILWHUDWLRQVLVUHDFKHG1 RUZKHQWKH506(KDV
EHHQVWDELOL]HGIRUDWOHDVWLWHUDWLRQV
9(+/,%OLEUDU\±)XHOFRQVXPSWLRQHVWLPDWLRQ
7KH9(+/,%OLEUDU\ZDVGHYHORSHGE\,)677$5/7(ZLWKWKHREMHFWLYHRIVLPXODWLQJ WKHYHKLFOHV
G\QDPLFSHUIRUPDQFHVDQGHQHUJ\FRQVXPSWLRQIRUFRQYHQWLRQDOHOHFWULFDQGK\EULGYHKLFOHV,WLVEDVHG
RQ D F\EHUQHWLF UHSUHVHQWDWLRQ RI WKH YHKLFOH LH WKH YHKLFOH LV YLHZHG DV D VHW RI VXEV\VWHPV 7KH
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YHKLFOH LV WKXV GHFRPSRVHG LQWR GLIIHUHQW XQLWV WKDW DUH VHSDUDWHO\ PRGHOHG 7KH LQWHUDFWLRQV EHWZHHQ
XQLWV UHVSHFW D VWULFW IRUZDUG ORRNLQJ DSSURDFK 75,*8, HW DO  9,127 HW DO  9(+/,%
PRGHOVDUHYDOLGDWHGE\PHDVXUHVRQHQJLQHWHVWVWDQGDQGRQFKDVVLVG\QR
,QWKLVVWXG\IXHOFRQVXPSWLRQIRURULJLQDODQGVLPSOLILHGVXEF\FOHVZDVFRPSXWHGXVLQJDVLPSOLILHG
EDFNZDUG DSSURDFK GHULYHG IURP9(+/,% OLEUDU\:KLOH9(+/,% VLPXODWHVPDQ\ W\SHV RI SDVVHQJHU
FDUVZHRQO\FRQVLGHURQHYHKLFOH LQ WKLVZRUN LHDFRQYHQWLRQDOGLHVHO&OLR,,HTXLSSHGZLWKD/
'&,HQJLQH
'DWDDQDO\VLV
7KH VWXG\ RI WKH LPSDFWV RI WKH VLPSOLILFDWLRQV LV GHFRPSRVHG LQ WZR SDUWV )LUVW WKH ZKROH VHW RI
VLPSOLILHG VXEF\FOHV LV DQDO\]HG WR GHPRQVWUDWH KRZ VLPSOLILFDWLRQ LQIOXHQFHV IXHO FRQVXPSWLRQ
HVWLPDWLRQDWDPDFURVFDOHLHE\FRQVLGHULQJWKHWRWDOIXHOFRQVXPSWLRQIRUWKHHQWLUHVXEF\FOH7KHQ
WKHVWXG\LVFRPSOHWHGDWDPLFURVFDOHE\FRQVLGHULQJVRPHVSHFLILFVXEF\FOHVWRGHWHUPLQHZKLFKNLQGV
RIVLPSOLILFDWLRQKDYHWKHPDLQLQIOXHQFHRQWKHIXHOFRQVXPSWLRQ$WWKLVOHYHOZHIRFXVRQWKHHYROXWLRQ
RIWKHIXHOFRQVXPSWLRQZLWKUHVSHFWWRWLPH
0DFURDQDO\VLV
7KHDYHUDJHGXUDWLRQIRUWKHRULJLQDOGULYLQJVXEF\FOHVLVHTXDOWRV,WYDULHVIURPWRV
7KH DYHUDJH VSHHG LV NPK DQG WKHPD[LPXPRQH LV NPK $IWHU VLPSOLI\LQJ  VLPSOLILHG
VXEF\FOHVDUHREWDLQHGZLWK WKHJHQHWLFDOJRULWKPDQGGLIIHUHQW OHYHOV IRU WKHQXPEHURIDFWLRQSRLQWV
7KHIROORZLQJSDUDPHWHUVDUHFDOFXODWHGIRUHDFKVXEF\FOH
x 7KHVWDQGDUG UHODWLYHHUURURQ WKH IXHOFRQVXPSWLRQHVWLPDWLRQ >)&HUURU@  LWFRUUHVSRQGV WR WKH
UHODWLYHGLIIHUHQFHEHWZHHQIXHOFRQVXPSWLRQRQWKHRULJLQDODQGWKHVLPSOLILHGVXEF\FOHV
x 7KHUHGXFWLRQLQWKHQXPEHURIDFWLRQSRLQWV>$3UHGXFWLRQ@LWFRUUHVSRQGVWRWKHUHODWLYHSRVLWLYH
GLIIHUHQFHEHWZHHQ WKHDFWLRQSRLQWV¶QXPEHU LQ WKHVLPSOLILHGVXEF\FOHDQG WKH WRWDO WLPHSRLQWV LQ
WKHRULJLQDORQH
x 7KH506( WKH URRWPHDQVTXDUHGHUURUEHWZHHQERWK VXEF\FOHV7KLVHUURUGHILQHG WKH URRWPHDQ
VTXDUHGGLIIHUHQFHLQVSHHGHYHU\VHFRQGRQWKHVSHHGSURILOH

7KHJHQHWLFDOJRULWKPGRHVQRWDOZD\VSURYLGH WKHRSWLPDOSURILOH IRUDJLYHQQXPEHURISRLQWV)RU
WKLVUHDVRQWKHUHVXOWVDUHILOWHUHGE\506(DFFRUGLQJWRWKHIROORZLQJSURFHGXUHV7KHVLPSOLILHGVXE
F\FOHVUHODWHGWRWKHVDPHRULJLQDOVXEF\FOHDUHJDWKHUHGDQGVRUWHGLQDVFHQGLQJRUGHUZLWKUHVSHFWWRWKH
QXPEHURIDFWLRQSRLQWV7KHVLPSOLILHGGULYLQJF\FOHVIURPDVDPHJURXSEXWZLWKKLJKHU506(WKDQLWV
SUHGHFHVVRUDUHGLVUHJDUGHG$VUHVXOWRQO\VLPSOLILHGVXEF\FOHVDUHVWXGLHG
7KH$3UHGXFWLRQYDULHVEHWZHHQDQG/RZOHYHOVRI$3DUHQRWFRQVLGHUHGEHFDXVHWKH
UHVXOWLQJVLPSOLILHGVXEF\FOHVDUHQRWHQRXJKVLPSOLILHGLHDKLJKIUHTXHQF\QRLVHLVVWLOOREVHUYHGIRU
DFFHOHUDWLRQ7KUHHOHYHOVRIVLPSOLILFDWLRQDUHWKHQGLVWLQJXLVKHGE\DQDO\]LQJWKHVXEF\FOHVSURILOHVDQG
WKH506(ZLWK UHVSHFW WR WKH$3 UHGXFWLRQ )LJ D 7KHVH OHYHOV DUH ILQH LQWHUPHGLDU\ DQG FRDUVH
0RUHRYHU)LJESUHVHQWVWKH)&HUURUZLWKUHVSHFWWRWKH$3UHGXFWLRQ7KHPHDQFXUYHRIWKLVIXQFWLRQ
DQGWKHERXQGDULHVLQFOXGLQJRIGDWDDUHDOVRSURYLGHG

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E
PHDQFXUYH SUHGLFWLRQERXQGV VLPSOLILHGVXEF\FOHV
)LQH ,QWHUPHGLDU\ &RDUVH

)LJD(YROXWLRQRIWKH506(ZLWKUHVSHFWWRWKH$3UHGXFWLRQE(YROXWLRQRIWKH)&HUURUZLWKUHVSHFWWRWKH$3UHGXFWLRQ
7KHILQHOHYHOFRUUHVSRQGVWR506(YDOXHVORZHUWKDQNPK,WFRUUHVSRQGVWR$3UHGXFWLRQORZHU
WKDQ7KHDYHUDJH506(LVHTXDOWRNPKWKH506(LQFUHDVHVEHWZHHQDQGNPK
$W WKLV OHYHO RQO\ WKH KLJK IUHTXHQF\EXW ORZDPSOLWXGH QRLVH LV HOLPLQDWHG7KH LQWHUPHGLDU\ OHYHO LV
ERXQGHG E\ 506( YDOXHV ORZHU WKDQ NPK ,W FRUUHVSRQGV WR $3 UHGXFWLRQ EHWZHHQ  DQG
7KHDYHUDJH506(LVHTXDOWRNPKWKH506(LQFUHDVHVEHWZHHQDQGNPK7KH
YDULDWLRQVRIDFFHOHUDWLRQVDUHPRUHVPRRWKHGWKDQDWWKHILQHOHYHO7KHFRDUVHOHYHOFRUUHVSRQGVWR$3
UHGXFWLRQKLJKHU WKDQDQG506( ORZHU WKDQNPK7KH DYHUDJH506( LV HTXDO WRNPK
WKH506(LQFUHDVHVEHWZHHQDQGNPK7KHVLPSOLILHGF\FOHVKDYH ORQJHUSKDVHVRIFRQVWDQW
DFFHOHUDWLRQ WKDQ ERWK SUHYLRXV OHYHOV  RI GDWD FRUUHVSRQGV WR WKH ILQH OHYHO  WR WKH
LQWHUPHGLDU\OHYHODQGWRWKHFRDUVHOHYHO
)URP WKHGDWD VHW WKH LQFUHDVHRI$3 UHGXFWLRQ UHVXOWV LQDQH[SRQHQWLDO LQFUHDVHRI WKH506(WKH
DYHUDJH 506( LV HTXDO WR NPK +LJK YDOXHV RI 506( WKH 506( KLJKHU WKDQ NPK OHDG WR
VLPSOLILHGVXEF\FOHVWKDWDUHIDUDZD\IURPWKHRULJLQDOV7KHVHNLQGVRIVLPSOLILFDWLRQDUHQRWUHOHYDQW
IRU RXU VWXG\ DQG WKH FRUUHVSRQGLQJ VXEF\FOHV KDYH EHHQ GLVUHJDUGHG ,W FRUUHVSRQGV WR  RI
VLPSOLILHGVXEF\FOHV
$V WKH $3 UHGXFWLRQ LQFUHDVHV WKH )& HUURU DOVR WHQGV WR LQFUHDVH QHJDWLYHO\ 7KH DYHUDJH HUURU LV
HTXDOWRIRUVXEF\FOHVVHW$FFRUGLQJWRWKHVLPSOLILFDWLRQOHYHOWKHDYHUDJH)&HUURULVHTXDOWR
DWILQHOHYHOWKH)&HUURUVYDULHVEHWZHHQDQGDWLQWHUPHGLDU\OHYHOWKH
)&HUURUVYDULHVEHWZHHQDQGDQGDWFRDUVHOHYHOWKH)&HUURUVYDULHVEHWZHHQ
DQG
7KHPDLQUHVXOWKHUHLVWKDW)&HUURULVQRWYHU\VHQVLWLYHWRWKH$3UHGXFWLRQ,WDSSHDUVWKDWZHFDQ
VLJQLILFDQWO\ VLPSOLI\ WKH UHDO VXEF\FOH ZLWKRXW LQWURGXFLQJ FULSSOLQJ ELDV LQ IXHO FRQVXPSWLRQ
HVWLPDWLRQ7KLVILUVWUHVXOWVKRXOGEHFRQILUPHGZLWKDUHILQHDQDO\VLV
0LFURDQDO\VLV
:H QRZ VWXG\ VRPH SDUWLFXODU VXEF\FOHV DQG LQYHVWLJDWH WKH HYROXWLRQ RI IXHO FRQVXPSWLRQ ZLWK
UHVSHFW WR WLPH 7R HPSKDVL]H WKH GLIIHUHQFH LQ IXHO FRQVXPSWLRQ ZH ZLOO IRFXV RQ WKH FXPXODWLYH
FRQVXPSWLRQZLWKUHVSHFWWRWLPHIRUVLPSOLILHGDQGRULJLQDOSDWWHUQV:KHQWKHVHWZRFXUYHVGLYHUJHLW
PHDQV WKDW WKH NLQHPDWLF VLPSOLILFDWLRQV LPSO\ D VLJQLILFDQW HUURU 7KLV HUURU PD\ L QHYHU EH
FRPSHQVDWHGDQGWKHQSOD\DVLJQLILFDQWSDUWRIWKHWRWDO)&HUURULLEHTXLFNO\FRPSHQVDWHGLQWKHVDPH
GULYLQJSKDVHDFFHOHUDWLRQGHFHOHUDWLRQRUFUXLVLQJRULLLEHFRPSHQVDWHGEXWODWWHU LQVXEF\FOH:H
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ZLOOPDLQO\IRFXVRQHUURUW\SHVLDQGLLEHFDXVHWKHWKLUGRQHUHVXOWIURPKD]DUGDQGFDQQRWGULYHDQ\
VLPSOLILFDWLRQJXLGDQFH
7KHFXPXODWLYHFRQVXPSWLRQFXUYHVDUHFRPSDUHGZLWKWKHUHVSHFWLYHVSHHGSURILOHVWRGHWHUPLQDWHWKH
NLQGVRIVLPSOLILFDWLRQWKDWPRVWLQIOXHQFHWKHIXHOFRQVXPSWLRQ2QO\WKUHHVXEF\FOHV,' 
DUHVHOHFWHGIRUWKLVPLFURDQDO\VLVEXWVHYHUDOOHYHORIVLPSOLILFDWLRQVDUHLQYHVWLJDWHG7KHVHVXEF\FOHV
KLJKOLJKWGLIIHUHQWFDVHV
x 6XEF\FOHKDVVLPSOLILHGVXEF\FOHVZLWK)&HUURUDOZD\VLQVLGHWKHHUURUERXQGVIRUDOOVXEF\FOHV
7KH)&HUURULVYHU\ORZIRUORZYDOXHVRI$3UHGXFWLRQ,WWHQGVWRLQFUHDVHZLWKWKHLQFUHDVHRIWKH
$3 UHGXFWLRQHVSHFLDOO\ IURPFRDUVH OHYHO $3 UHGXFWLRQHTXDO WR7KLV VXEF\FOH ODVWVV
DQGKDVDYHUDJHVSHHGHTXDOWRNPK
x 6XEF\FOHFRUUHVSRQGVWRDFDVHZKHUH)&HUURUVDUHKLJKHYHQIRUORZ$3UHGXFWLRQYDOXHV7KH
VLPSOLILHGVXEF\FOHVKDYHKLJK)&HUURUXQWLO$3UHGXFWLRQHTXDO WR6XEF\FOH LVDVKRUW
VXEF\FOHWKDWODVWVVDQGKDVORZDYHUDJHVSHHGHTXDOWRNPK
x 6XEF\FOHZDVVWXGLHGWREHVWLGHQWLI\WKHNLQGVRIVLPSOLILFDWLRQLQFRDUVHOHYHOKLJK506(WKDW
OHDGWRKLJK)&HUURUIXHOFRQVXPSWLRQXQGHUHVWLPDWHG7KHVLPSOLILHGVXEF\FOHVVWDUWZLWKORZ)&
HUURUDQGWKHQLQFUHDVHGLVFRQWLQXRXVO\ZLWKWKHLQFUHDVHRIWKH$3UHGXFWLRQ7KLVVXEF\FOH
ODVWVVDQGKDVDYHUDJHVSHHGHTXDOWRNPK

)LJSUHVHQWVWKHHYROXWLRQRIWKH)&HUURUDQGWKH506(ZLWKUHVSHFWWRWKH$3UHGXFWLRQIRUWKHVH
VXEF\FOHV7KHPHDQ)&HUURUYDOXHVDQGERXQGHQFRPSDVVLQJRI WKH VWXGLHG VXEF\FOHVDUHDOVR
UHSUHVHQWHGLQWKLVILJXUH

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6XEF\FOH
6XEF\FOH
6XEF\FOH
PHDQFXUYHDQGERXQGV
D F
ED
E
E
D

)LJ(YROXWLRQRIDWKH)&HUURUDQGEWKH506(ZLWKUHVSHFWWRWKH$3UHGXFWLRQ
7KH)LJSUHVHQWVWKHFXPXODWLYHFRQVXPSWLRQFXUYHDQGWKHVSHHGSURILOHIRUWKHWKUHHVHOHFWHGVXE
F\FOHVDQGWKHPRVWUHSUHVHQWDWLYHOHYHOVRIVLPSOLILFDWLRQVHH)LJ

1006   Thamara Vieira da Rocha et al. /  Procedia - Social and Behavioral Sciences  48 ( 2012 )  1000 – 1009 
         










,QVWDQWV
&X
PX
ODW
LYH
IX
HO
FR
QV
XP
SWL
RQ
O

N
P
D


2ULJLQDOVXEF\FOH
6LPSOLILHGVXEF\FOHD$3UHGXFWLRQ 
6LPSOLILHGVXEF\FOHE$3UHGXFWLRQ 
         






,QVWDQWV
6
SH
HG
N
P
K

D


2ULJLQDOVXEF\FOH
6LPSOLILHGVXEF\FOHD$3UHGXFWLRQ 
6LPSOLILHGVXEF\FOHE$3UHGXFWLRQ  
         






,QVWDQWV&
XP
XOD
WLY
HI
XH
OF
RQ
VX
PS
WLR
Q
O

NP
 E


2ULJLQDOVXEF\FOH
6LPSOLILHGVXEF\FOHD$3UHGXFWLRQ 
6LPSOLILHGVXEF\FOHE$3UHGXFWLRQ 
6LPSOLILHGVXEF\FOHF$3UHGXFWLRQ 
          








,QVWDQWV
6
SH
HG
N
P
K

E


2ULJLQDOVXEF\FOH
6LPSOLILHGVXEF\FOHD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6LPSOLILHGVXEF\FOHE$3UHGXFWLRQ 
6LPSOLILHGVXEF\FOHF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2ULJLQDOVXEF\FOH
6LPSOLILHGVXEF\FOH$3UHGXFWLRQ 
6LPSOLILHGVXEF\FOH$3UHGXFWLRQ 
          









,QVWDQWV
6
SH
HG
N
P
K

F


2ULJLQDOVXEF\FOH
6LPSOLILHGVXEF\FOHD$3UHGXFWLRQ 
6LPSOLILHGVXEF\FOHE$3UHGXFWLRQ  
)LJD6XEF\FOHEVXEF\FOHFVXEF\FOH&XPXODWLYHIXHOFRQVXPSWLRQZLWKUHVSHFWWRWLPH6SHHGSURILOH
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7KHDFFHOHUDWLRQVSKDVHVDUHUHVSRQVLEOHIRUKLJKHUIXHOFRQVXPSWLRQWKDQWKHGHFHOHUDWLRQSKDVHV$Q
VLJQLILFDQWGLIIHUHQFHLVVHHQZKHQWKHGHFHOHUDWLRQSKDVHRFFXUVDWKLJKVSHHGHJVXEF\FOHDQG
RUDWORZVSHHGVHJVXEF\FOH,QWKHILUVWFDVHWKH(OHFWURQLF&RQWURO8QLWRIWKHHQJLQHSLORWVDQ
LQMHFWLRQFXWRIIDQGWKHIXHOFRQVXPSWLRQLVHTXDOWR]HURLHWKHFXPXODWLYHFXUYHUHPDLQVFRQVWDQW,Q
WKHVHFRQGFDVHWKHIXHOFRQVXPSWLRQFRQWLQXHVWRLQFUHDVHVZLWKORZHUYDOXHVWKDQLQDFFHOHUDWLRQSKDVH
$GGLWLRQDOO\WKHSKDVHVZLWK]HURVSHHGVDOVRFRQWULEXWHWRIXHOFRQVXPSWLRQ
:HQRZGHDOZLWKWKHLPSDFWVRIGLIIHUHQWOHYHOVRIVLPSOLILFDWLRQ7KHOHYHOVDUHGHQRWHGZLWKORZHU
XVH OHWWHU DIWHU WKH VXEF\FOH ,' VHH )LJ  6XEF\FOH D FRUUHVSRQGV WR D ILQH VLPSOLILFDWLRQZLWK D
FXPXODWLYHFRQVXPSWLRQFXUYHFORVHWRWKHRULJLQDO7KHUHVXOWLQJ)&HUURULVORZ)RUVXEF\FOH
E WKH PD[LPDO VSHHG LV QRW UHDFKHG DW WLPH V LQ WKH VLPSOLILHG VXEF\FOH 7KH FXPXODWLYH IXHO
FRQVXPSWLRQDW WKHHQGRI WKHDFFHOHUDWLRQSKDVH LV WKHQXQGHUHVWLPDWHG7KLVFRUUHVSRQGV WRD W\SH L
HUURULHWKHFRQWULEXWLRQRIWKLVHUURURQWKHWRWDOHUURULVHTXDOWR0RUHRYHUWKHVLPSOLILFDWLRQ
EHWZHHQDQGVUHSODFHVWKHRULJLQDOVSHHGSURILOHE\DSKDVHRQFRQVWDQWDQGORZDFFHOHUDWLRQ7KH
LQLWLDO VSHHG LV NPK DQG LQFUHDVHV XQWLO NPK 7KLV VLPSOLILFDWLRQ KDV ORZ LPSDFW RQ IXHO
FRQVXPSWLRQ
7KHGLIIHUHQW OHYHOV RI VLPSOLILFDWLRQ IRU VXEF\FOH VKRZ WKDW NLQHPDWLF HUURUV GXULQJSKDVHZLWK
]HUR VSHHG LQGXFHV VLJQLILFDQW HUURUV RQ IXHO FRQVXPSWLRQ VHH WLPH  WR V DQG WLPH  WR V$V
UHVXOW WKHVH VLPSOLILFDWLRQV RYHUHVWLPDWH WKH IXHO FRQVXPSWLRQ IRU VXEF\FOHV D DQG E 7KH
VLPSOLILFDWLRQVRIWKLVILUVWSKDVHDUHWKHVDPHIRUVXEF\FOHVDDQGE+RZHYHUDVWKLVVLPSOLILFDWLRQ
GRHV QRW FDXVH D ORFDO HUURU LQ VXEF\FOH E ZH FDQ FRQFOXGH WKDW LW LV FRUUHFWHG E\ DQRWKHU
VLPSOLILFDWLRQ$IWHU WKHHQGRI WKLVSKDVH LQ]HURVSHHGLQVWDQWHTXDO WRV WKHVLPSOLILFDWLRQVFDXVH
ORFDOHUURUVWKDWFXPXODWHXQWLOWKH)&HUURURIVXEF\FOHE$GGLWLRQDOO\WKHUHGXFWLRQRIWKHPD[LPDO
VSHHGDWLQVWDQWHTXDOWRVGRHVQRWFDXVHDQHUURURQIXHOFRQVXPSWLRQHVWLPDWLRQ$VWKHPD[LPDOVSHHG
UHDFKHGLVORZNPKWKHIXHOFRQVXPSWLRQFRQWLQXHVWRLQFUHDVHFORVHWRWKHRULJLQDO,QVXEF\FOH
F WKH FRPELQDWLRQ RI WKH VLPSOLILFDWLRQV LQFOXGLQJ WKH VLPSOLILFDWLRQ RI WKH VHFRQG SKDVH RQ ]HUR
VSHHG UHVXOWV LQ D ORZ )& HUURU  7KH VLPSOLILFDWLRQ RI WKH GLVFRQWLQXRXV GHFHOHUDWLRQ SKDVH
EHWZHHQDQGVLQVXEF\FOHVDDQGFGRHVQRWLPSDFWWKHFXPXODWLYHFRQVXPSWLRQFXUYH
,Q VXEF\FOH D WKH GHFHOHUDWLRQ SKDVH WKDW VWDUWV DW LQVWDQW V KDV VDPHPD[LPDO VSHHG WKDW WKH
RULJLQDO EXW UHDFKHV KLJKHUPLQLPXP VSHHG7KLV ODVW SRLQW LV DQWLFLSDWHG LQ WLPH LQVWDQW HTXDO WR V
LQVWHDG RI V DQG WKH IXHO FRQVXPSWLRQ IRU WKH QH[W DFFHOHUDWLRQ SKDVH LQFUHDVHV HDUOLHU'XULQJ WKLV
GHFHOHUDWLRQSKDVH WKHFRQVXPSWLRQFXUYHUHPDLQVFORVH WR WKHRULJLQDOEHFDXVHPD[LPDOVSHHGVDUH WKH
VDPH
$GGLWLRQDOO\ WKHVLPSOLILHGVXEF\FOHVDDQGEKDYHHUURUFRPLQJIURPWKHVLPSOLILFDWLRQRIWKH
RVFLOODWLRQ EHWZHHQ  DQG V LQ RULJLQDO VXEF\FOH 7KH RVFLOODWLRQ FRUUHVSRQGV WR DQ DFFHOHUDWLRQ
IROORZHGE\DGHFHOHUDWLRQSKDVH,QVXEF\FOHELWLVUHSODFHGE\DFRQVWDQWDFFHOHUDWLRQSKDVHEHWZHHQ
DQGV,QVXEF\FOHELWLVDOVRUHSODFHGE\DFRQVWDQWDFFHOHUDWLRQSKDVHEXWORQJHUIURPWLPHV
WR V%RWK VLPSOLILFDWLRQV FRQWULEXWH WR WKH )& HUURU KLJKHU LQ VXEF\FOH E WKDQ LQ VXEF\FOH D
5HGXFLQJ WKH PD[LPDO VSHHG DW V LQ VXEF\FOH E DOVR KDV JUHDW LPSDFW RQ )& HUURU 7KH
VLPSOLILFDWLRQVPDGHIURPWKHLQVWDQWVKDYHORZLPSDFWRQIXHOFRQVXPSWLRQLQERWKVLPSOLILFDWLRQV
&RQFOXVLRQ
7KLV SDSHU WULHV WR FKDUDFWHUL]H KRZ VLPSOLILFDWLRQV RQ YHKLFOH VSHHG SURILOHV LQIOXHQFH WKH IXHO
FRQVXPSWLRQ 6LPSOLILFDWLRQV IURP UHDO GULYLQJ F\FOHV DUH REWDLQHG WKURXJK D JHQHWLF DOJRULWKP WKDW
SURJUHVVLYHO\ UHGXFHV WKH QXPEHU RI SRVVLEOH DFWLRQ SRLQWV 7KH IXHO FRQVXPSWLRQ LV HVWLPDWHG XVLQJ
9(+/,%OLEUDU\
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)LUVW WKH LPSDFWV RI VLPSOLILFDWLRQV KDYHEHHQ HYDOXDWHG DW DPDFUR OHYHO$OO VXEF\FOHVKDYHEHHQ
VLPSOLILHG ZLWK GLIIHUHQW YDOXHV RI WKH $3 UHGXFWLRQ 5HVXOWV VKRZ WKDW DQ LQFUHDVH LQ $3 UHGXFWLRQ
QHJDWLYHO\ LQFUHDVHV WKH )& HUURUV HVSHFLDOO\ IRU WKH FRDUVH OHYHO LH WKH VLPSOLILFDWLRQ WHQGV WR
XQGHUHVWLPDWH WKH IXHOFRQVXPSWLRQ7KH)&HUURU LVHTXDO WR ,W LVHTXDO WR IRU WKH ILQH
OHYHO$3UHGXFWLRQIRUWKHLQWHUPHGLDU\OHYHO$3UHGXFWLRQEHWZHHQDQG
DQGIRUWKHFRDUVHOHYHO$3UHGXFWLRQ!DQG506(NPK
$FRPSOHPHQWDU\DQDO\VLVKDVGHWHUPLQHGZKLFKNLQGVRI VLPSOLILFDWLRQKDYH WKHPDLQ LQIOXHQFHRQ
WKH IXHO FRQVXPSWLRQ 7KLV LV DFKLHYHG E\ VWXG\LQJ WKH HYROXWLRQ RI IXHO FRQVXPSWLRQ RYHU WLPH
FXPXODWLYHIXHOFRQVXPSWLRQZLWKUHVSHFWWRWLPH7KHWLPHZKHQWKHFXPXODWLYHFRQVXPSWLRQFXUYHRI
WKH VLPSOLILHG VXEF\FOH PRYHV DZD\ IURP WKH RULJLQDO UHSUHVHQWV D ORFDO HUURU RQ IXHO FRQVXPSWLRQ
HVWLPDWLRQ7KHORFDOL]DWLRQRIWKHVHVSHFLILFHUURUVFDQWKHQEHLQYHVWLJDWHGRQWKHVSHHGSURILOH
7KLVVWXG\VKRZVWKDWE\UHGXFLQJWKHQXPEHURIDFWLRQIURPWKHRULJLQDOF\FOHWKHJHQHWLFDOJRULWKP
ILUVW HOLPLQDWHV KLJK IUHTXHQF\ EXW ORZHUV DPSOLWXGH QRLVH ,QGHHG YDULDWLRQV LQ DFFHOHUDWLRQ DUH
VPRRWKHG 7KH DFFHOHUDWLRQ SKDVHV DUH WKHQ UHSURGXFHGZLWK RQO\ D IHZ VXFFHVVLYH YDOXHV RI FRQVWDQW
DFFHOHUDWLRQ 7KH GHFHOHUDWLRQ SKDVHV DUH WUHDWHG WKH VDPHZD\ 6XFK NLQGV RI VLPSOLILFDWLRQV VHHP WR
KDYHQRRUDUHODWLYHO\ORZLPSDFWRQIXHOFRQVXPSWLRQ
*RLQJRQLQUHGXFLQJWKHQXPEHURIDFWLRQSRLQWVHOLPLQDWHVQRLVHZLWKORZIUHTXHQF\DQGRUKLJKHU
DPSOLWXGH )URP KHUH WKH SRVLWLRQ RI WKH DFWLRQ SRLQW DQG WKH VSHHG YDOXH VHHPV PRUH LPSRUWDQW
+RZHYHU VRPH DFWLRQ SRLQWV DUH PRUH LPSRUWDQW IRU IXHO FRQVXPSWLRQ HVWLPDWLRQ WKDQ RWKHUV 7KHVH
DFWLRQVSRLQWVFRUUHVSRQGWRVLJQDOFKDQJHVLQDFFHOHUDWLRQDQGPRUHSUHFLVHO\WKHSRLQWVZKHQWKHVSHHG
UHDFKHVLWVPD[LPXPYDOXHEHIRUHDGHFHOHUDWLRQSKDVH,QWURGXFLQJHUURUVRQWKHPD[LPXPUHVSHFWLYHO\
PLQLPXPVSHHGYDOXHDWWKHHQGRIDQDFFHOHUDWLRQUHVSHFWLYHO\GHFHOHUDWLRQSKDVHOHDGVWRVLJQLILFDQW
HUURUVRQIXHOFRQVXPSWLRQ)XUWKHUPRUHKLJKHUWKHPD[LPXPVSHHGKLJKHUWKHIXHOFRQVXPSWLRQLV
$GGLWLRQDOO\DQDFFHOHUDWLRQSKDVHZLWKRQHRUPRUHVLJQLILFDQWFKDQJHRQDFFHOHUDWLRQYDOXHFDQEH
UHSODFHG E\ D SKDVH ZLWK GLIIHUHQW VXFFHVVLYH YDOXHV RI DFFHOHUDWLRQ ,I WKLV NLQG RI VSHHG SURILOH LV
UHSODFHGE\DQRWKHUZLWKRQO\RQHDFFHOHUDWLRQYDOXH WKH)&HUURU WHQGV WREHKLJKHU7KHGHFHOHUDWLRQ
SKDVHVDUHWUHDWHGWKHVDPHZD\
7KHPLQLPXPVSHHGDWWKHHQGRIDGHFHOHUDWLRQSKDVHLVOHVVLPSRUWDQWWKDQWKHPD[LPXPVSHHGDWWKH
HQGRIDQDFFHOHUDWLRQSKDVH0RUHRYHUYHKLFOHVWDQGVWLOOFDQKLJKO\LQIOXHQFHWKHIXHOFRQVXPSWLRQHYHQ
DWILQHOHYHO7KLVNLQGRIVLPSOLILFDWLRQRYHUHVWLPDWHVWKHIXHOFRQVXPSWLRQ
7KH FRQFOXVLRQV WDNHQ IURP WKLV ZRUN WU\ WR JLYH D ILUVW DQVZHU WR WKH LPSDFWV RI XVLQJ VLPSOLILHG
LQVWHDG RI UHDO WUDMHFWRULHV DV DQ LQSXW IRU D IXHO FRQVXPSWLRQ PRGHO 7KH PDMRU REVHUYDWLRQ LV WKDW
VLPSOLILHGGULYLQJF\FOHVFDQVWLOOPDLQWDLQJRRGIXHOFRQVXPSWLRQHVWLPDWLRQ
$GHHSHUVWXG\PXVWFRQWLQXHWRLGHQWLI\PRUHSUHFLVHO\WKHEHVWNLQGVRIVLPSOLILFDWLRQVWKDWVKRXOGEH
DSSOLHGDFFRUGLQJ WR WKH VSHHGSURILOH7KLVFDQFRQWULEXWH WREHWWHUHVWLPDWH VSHHGSURILOHVFRQVLGHULQJ
IXHO FRQVXPSWLRQ0RUHRYHU IXUWKHU UHVHDUFK LV UHTXLUHG WR EHWWHU XQGHUVWDQG WKH LPSDFWV RI FRXSOLQJ
WUDIILFDQGIXHOFRQVXPSWLRQPRGHOVRQIXHOFRQVXPSWLRQHVWLPDWLRQ
5HIHUHQFHV
$57(0,6SURMHFWUHSRUW$VVHVVPHQWDQGUHOLDELOLW\RIWUDQVSRUWHPLVVLRQPRGHOVDQGLQYHQWRU\V\VWHPV
$YDLODEOHDWZZZLQUHWVIUXUOWHSXEOLDXWUHVDFWLRQVILFKHVUHVXOWDWVILFKHDUWHPLVDUWHPLVKWPO!
5$.+$+$+1.025$1.,17(*5$7,21)UDPHZRUNIRU0RGHOLQJ(FRURXWLQJ6WUDWHJLHV
/RJLF DQG 3UHOLPLQDU\ 5HVXOWV ,Q 7UDQVSRUWDWLRQ 5HVHDUFK %RDUG WK $QQXDO 0HHWLQJ:DVKLQJWRQ
'&3DSHU

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=(*(<(6.'(6&+877(5%+(//(1'2251-%5(81(66(($,QWHJUDWHGPDFURVFRSLF
WUDIILF IORZ DQG HPLVVLRQPRGHO EDVHG RQ0(7$1(7 DQG97PLFUR ,Q0RGHOV DQG7HFKQRORJLHV IRU
,QWHOOLJHQW 7UDQVSRUWDWLRQ 6\VWHPV 3URFHHGLQJV RI WKH ,QWHUQDWLRQDO &RQIHUHQFH RQ 0RGHOV DQG
7HFKQRORJLHV IRU ,QWHOOLJHQW 7UDQVSRUWDWLRQ 6\VWHPV 5RPH ,WDO\ -XQH  * )XVFR HG 5RPH
,WDO\$UDFQH(GLWULFH,6%1SS±
75,*8,5-($11(5(7%%$',1)0RGpOLVDWLRQV\VWpPLTXHGHYpKLFXOHVK\EULGHVHQYXHGHOD
SUpGLFWLRQGHOHXUVSHUIRUPDQFHVpQHUJpWLTXHVHWG\QDPLTXHV&RQVWUXFWLRQGHODELEOLRWKqTXHGHPRGqOHV
9(+/,%5HFKHUFKH7UDQVSRUWV6pFXULWpSS
9,127(6&25',$-75,*8,5-($11(5(7%0RGHOVLPXODWLRQYDOLGDWLRQDQGFDVHVWXG\
RIWKH7+6RI7R\RWD3ULXV,QWHUQDWLRQDO-RXUQDORI9HKLFOH6\VWHPV0RGHOOLQJDQG7HVWLQJ
S
<8 /HL 5HPRWH YHKLFOH H[KDXVW HPLVVLRQ VHQVLQJ IRU WUDIILF VLPXODWLRQ DQG RSWLPL]DWLRQ PRGHOV
7UDQVSRUWDWLRQ5HVHDUFK3DUW'*UHDW%ULWDLQS
